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(57) [Abstract] 

[Objective] Forcible decreasing increase of propagation loss w 
h bend in optical waveguidewhich uses plastic, furthermore giv< 
satisfactory bendability it offers polymer optical waveguide 
elementwhich possesses high reliability with low loss which is 
obtained. 

[Constitution] In flat plate mold polymer optical waveguide w 
hich includes cladding where index of refraction is lower thanth 
aforementioned core which is installed around core andthe 
aforementioned core at least, between core layer and cladding 
layer,the polymer optical waveguide where layer where index < 
refraction is lower than cladding layer isprovided. There is a 
deuteration or a halogenation poly (meth)acrylate or a 
polysiloxane of copolymer which consists ofthe repeat unit 
where 2 kinds or more differs as example of polymeric 
substance which youuse. 
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[fS#® 1 ] □Tt, UE3 70)By izSilStifeU [Claim 1] In flat plate mold polymer optical waveguide which 

e=J7«fcyH8r*a>«l*9^? K£'J?£< fctdtMME ncludes cladding where index of refraction is lower thanthe 
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aforementioned core which is installed around core andthe 
aforementioned core at least, between core layer and cladding 
layer,the polymer optical waveguide which designates that layc 
where index of refraction is lowerthan cladding layer is 
provided as feature. 

[Claim 2] Below-mentioned General Formula (Chemical formi 
al): 

[Chemical Formula 1] 



* Ri CD 3 S (DI4S*. ) &tf'\n¥><D 

5%©-a. R 2 ttC„ Y2n+it?***i4^ay^kX 



(The inside of Formula, As for Xi and X2 respective deuteriu 
m , or halogen , As for Ri deuterium , CD 3 basic (As for D 
heavy water .) and one kind among halogen, as for R2 it is a 
halogenation or deuteration alkyl group (As for Y as for 
halogen , or deuterium and n positive integer of 5 or less) 
which isdisplayed with Cn Y2n+l) with among chemical 
structure which are displayed,the polymer optical waveguide 
which is stated in Claim 1 which designates that it usesthe 
deuteration or halogenation poly (meth)acrylate of copolymer 
which consists of repeat unit wherethe 2 kinds or more differs 
as cladding layer and core layer as feature. 



[B#«3] TIE-AM (fb 2) Xl*-»5t Mb 3) 
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[Claim 3] Polymer optical waveguide which is stated in Clairr 
1 which designates that it usesthe polymer which is chosen 
from group which consists of polysiloxane ,the and these blenc 
which are a copolymer of repeat unit which isdisplayed with 
polysiloxane or General Formula (Chemical formula 2) and 
General Formula (Chemical formula 3) which possess therepeat 
unit which is displayed with below-mentioned General Formula 
(Chemical formula 2) or General Formula (Chemical formula 3 
as cladding layer and core layer as feature. 
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Halogenation or deuteration alkyl group where in Formula, R: 
to R6 differs, sameor is displayed with Cn Y2n+! (As for Y as 
for halogen , or deuterium and n positive integer of 5 or less) 
or it is a phenyl group , a deuteration phenyl group , a or a 
halogenated phenyl group which are displayed with C6 Z5 (Z 
displays hydrogen , deuterium , or halogen. ). 
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[Description of the Invention] 
[0001] 

[Field of Industrial Application] This invention regards plastic 
optical waveguide , it regards preferred low loss optical 
waveguide in order to use forthat especially optical integrated 
circuit , in optical yne tffc comt£ A/, or theoptical 
divider/coupler or other optical component. 

[0002] 

[Prior Art] As substrate of optical component or optical fiber, 
optical propagation loss is small, materialof quartz glass and 
multicomponent glass or other inorganic type which possess 
feature that transmission band iswide, is widely used, but also 
material of plastic is developedrecently, is observed from fact 
that it is superior in pointof fabricability and cost in comparison 
with material of inorganic type,as material for optical 
waveguide, plastic which is superior in transparency like for 
example polymethylmethacrylate (PMMA) or polystyreneis 
designated as core, flat plate mold optical waveguide element 
which consists of core cladding constructionwhich designates 
plastic where index of refraction is low in comparison withthe 
core material as cladding charge is produced, ( Japan 
Unexamined Patent Publication Hei 3 - 188402 number). In 
addition, also flat plate mold optical waveguide element which 
uses polyimide and polysiloxane whichare a transparent plastic 
where heat resistance is high is produced. Furthermore, feature 
of plastic optical waveguide is to be able to form easily in 
thebendable state. But until recently, because glass substrate 
and silicon substrate , waveguide wasformed on thick plastic 
substrate from restriction in regard to compilations for 
bendability what it was thought that it is not desirable, is 
thepresent state in order is not bendability for most part, to 
avoid theincrease of propagation loss rather with bending. Bui 
in plastic waveguide, decrease of propagation loss actualizes, i 
furthermorethe satisfactory bendability can be given, utilizing 
original flexible property positively, theflexible optical circuitry 
and splitting etc become possible, application to opticalyne tar 
connection is satisfactory possible. 
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[Problems to be Solved by the Invention] Objective of this inve 
ntion to the utmost decreasing increase of propagation losswith 
bend in optical waveguide which uses plastic, furthermore give 
thesatisfactory bendability is to offer polymer optical waveguid 
element which possesses high reliability with low losswhich is 
obtained. 

[0004] 

[Means to Solve the Problems] If this invention is outlined, thi 
s invention being an invention regarding thepolymer optical 
waveguide, between core layer and cladding layer, designates 
that layerwhere index of refraction is lower than cladding layer 
is provided as feature in theflat plate mold polymer optical 
waveguide which includes cladding where index of refraction is 
lower than theaforementioned core which is installed around 
core and theaforementioned core at least. 

[0005] Low index of refraction applies material between aforerr 
entioned core * cladding layer with thespin coating , polymer 
optical waveguide of this invention in comparison with and 
cladding layer withthe thickness of 1/50 extent of core * 
cladding layer thickness by fact that light trapping toinside core 
is strengthened by fact that W type refractive index 
distribution is formed,most designates that decrease of bend los 
is assured as preferredfeature. 

[0006] Below, this invention is explained concretely. First, em 
bodiment of polymer optical waveguide of this invention is 
below-mentioned sort. Below-mentioned General Formula 
(Chemical formula 1) : 

[0007] 

[Chemical Formula 1] 
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[0008] (The inside of Formula, As for Xl and X2 respective d 
euterium , As for or halogen and Ri deuterium , CD 3 
basic(As for D deuterium ) and one kind among halogen, as fc 
R2 it is a halogenation or deuteration alkyl group (As for Y as 
for halogen , or deuterium and n positive integer of 5 or less) 
which is displayed with Cn Y2n+1) with among chemical 
structurewhich are displayed, it designates that it uses 
deuteration or halogenation poly (meth)acrylateof copolymer 
which consists of repeat unit where 2 kinds or more differs 
asthe cladding layer and core layer as feature. In addition, 
other embodiment is below-mentioned sort. It designates that it 
uses polymer which is chosen from groupwhich consists of 
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polysiloxane , and these blend which are acopolymer of repeat 
unit which is displayed with polysiloxane or General Formula 
(Chemical formula 2) andthe General Formula (Chemical 
formula 3) which possess repeat unit which is displayed with 
thebelow-mentioned General Formula (Chemical formula 2) or 
General Formula (Chemical formula 3), as cladding layer and 
core layer asfeature. 
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[Chemical Formula 2] 
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[0010] 

[Chemical Formula 3] 
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[001 1] Halogenation or deuterat ion alky 1 group where in Form 
ula, R3 to R6 differs, sameor is displayed with Cn Y2n+l (As 
for Y as for halogen , or deuterium and n positive integer of f 
or less), or it is a phenyl group , a deuteration phenyl group , a 
or a halogenated phenyl group which are displayed with C6 Z5 
(Z displays hydrogen , deuterium , or halogen. ). 
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[0012] Furthermore, this invention is explained concretely mak 
ing use of the attached figure. Figure 1 is cross section diagran 
which shows 1 example of polymer optical waveguide ofthe thi: 
invention. In Figure 1, as for code 1 as for core layer and 2 ai 
forthe cladding layer and 3 low refractive index layer is meant. 
It is a polymer optical waveguide type element which possesses 
waveguide which is surroundedwith low refractive index layer : 
which is a polymer where index of refraction is lower than 
thecladding layer between core layer 1 and cladding layer 2 
furthermore has bendability. 

[0013] 

[Working Example(s)] Below, with Working Example , this in 
vention is explained furthermore concretely ,but this invention 
is not something which is limited in these Working Example. 
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[0014] Working Example 1 

First Working Example of this invention is shown in Figure 1 . 1 
t produced material, with production method which is stated in 
Japan Patent Application Sho 63 - 243987 specification dueto 
Imamura and others. Concretely, copolymer (9 : 1) of 
deuteration methyl methacrylate and fluorination methacrylate 
cladding layer component and the deuteration 
polymethylmethacrylate with copolymer of core layer 
component , and deuteration methyl methacrylate and 
fluorination methacrylate (mole ratio =7:3) as thelow refractive 
index layer following way it produced, polymer of 3 kinds 
those which were melted in methyl isobutyl ketone and 
thexylene mixed solution were designated as solution. Those 
which copper sputtering are done were designated as substrateir 
silicon substrate, on substrate cladding component polymer wa: 
applied with approximately25 m spin coating. On that after 
bake and drying low refractive index layer was applied 
withapproximately 0.2 m spin coating. On that core 
component polymer was applied with approximately 8 m 
spin coating. Next core component was processed in straight 
line rectangular pattern of 8 X 8 m2 with photolithography 
and dry etching . After processing and on core component 
low refractive index layer was applied, cladding component 
wasapplied lastly and implanted type waveguide was acquired, 
dilute hydrochloric acid (hydrogen chloride 20 %) from 
substrate it designated this waveguide as peeling andand sheet 
made flexible polymer optical waveguide, flexible waveguide 
which includes low refractive index layer producing 
conventional flexible waveguide which is notincluded, When 
waveguide characteristic in wavelength 1.3 m is compared, 
loss ( bonding loss is included. ) of waveguide ofthe 50 mm wit 
state (Time of normality) which does not bend waveguide wa 
samewith 1.4 dB, but when it bends, when low refractive index 
layer is included in the( bend radius 10 mm ) , conventional 
type loss increased to 2.5 dB vis-a-vis for mostpart without 
having 1.5 dB and change. These results are shown in Table 1. 
As been clear from result, construction which includes low 
refractive index layer incomparison with Prior Art had effect of 
bend loss decrease. 
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[0016] Working Example 2 to 5 

It makes material which shows core layer in Working Example 
1 in thebelow-mentioned Table 2 designates cladding layer as 
deuteration methyl methacrylate. As for other things at time 
of bending of waveguide which itproduces completely in same 
way as Working Example 1 ( bend radius 10 mm ) with when 
usuallyloss difference of loss of time was inspected, sort of 
Table 2as for that difference effect which is made construction 
whichincludes low refractive index layer very small was 
tremendous. 
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[0018] Working Example 6 
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Construction of polysiloxane which it uses as optical waveguide 
charge polymer of the 2 kinds in anisol 10 % were melted 
designated those which as thesolution with weight ratio with 
copolymer of those which are made R5 = R6 = C6 D5in thing 
and General Formula (Chemical formula 3) which are made R3 
R4 = C6D5 those which aremade R5 = R6 = C6 D5 in General 
Formula (Chemical formula 3) in cladding layer , and General 
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Formula (Chemical formula 2) asthe core layer. In addition 
flexible polymer optical waveguide of same construction as 
Working Example 1 was produced withthe inorganic SOG as lo 
refractive index layer. 120 °C and 10 0 hour after heating this 
waveguide, 2 dB almostchange there was not a loss ( bonding 
loss is included. ) of waveguide of 50 mm in wavelength 1.3 
m. As been clear from result, flexible polymer optical 
waveguide which uses polysiloxane had theeffect which 
improves waveguide property degradation under high 
temperature considerably. 
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[0019] 

[Effects of the Invention] As above explained, flexible polymer 
optical waveguide due to this invention, because low loss 
theelement is realizable with flexible, when constructing 
connectedor other optical yne tar connection between for 
example optical connector, can become theimportant element. 
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[Brief Explanation of the Drawing(s)] 

[Figure 1] Figure 1 is cross section which shows 1 example of p 
lymer optical waveguide ofthe this invention. 

[Explanation of Reference Signs in Drawings] 

1: Core layer and 2: Cladding layer and 6: Low refractive inde 
layer 
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[Figure 1] 
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